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Tne user interface is a crucial, tut often eve rl oo.-ced , 
part of the corrputer and software package. It is often th® 
last thing designed. Short term memory aids and session 
pacing are two of the most important areas in which the 
machine can assist the user. Inclusion of a screen pointing 
device brings the computer closer to communicating on human 
terms. Easing the interface on a common metaphor, e.g. a 
desk tep, can make it easy to learn and us®. 

In this thesis three facets of the interface are 
examined: Communication frem the machine, to the macnine, 

and the dialog between user and machine. The Amiable 
interface designed for the UNIX operating system is 

described. Amiable is implemented on a SUN model 153 
Workstation in the Naval Postgraduate School Computer 
Science Laboratory. Interface design is a hard problem, 
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I. INTRODUCTION 



A. TH '£ INVISIBLE PIPS 

The user tc computer interface is trie invisible pipe 
through which the mar. and machine conduct a dialog. 
Communication flows between the man and machine in the form 
of electronic signals, visual stimulation and pcssicly 
audible tones or patterns. The job of the interlace is tc 
translate the raw data forms into forms intelligence by the 
parties on either end. The greatest single benefit of a 
modern user interface is the ease with which someone may 
gainfully employ the system from his earlest session. The 
computer combines the role of instructor ar.i tool; the best 
interfaces do it transparently. With appropriate aids the 
machine can anticipate the novice's misunderstanding, and 
offer explanations and guidance? yet accommodate the 
expert's impatience by streamlining nis request. The 
ability tc do these things is not an innate feature of 
exotic state-of-the-art hardware, though hardware makes tnem 
possible. The willingness of the machine to do the man's 
bidding is resident in the design of the man-macnine 
interface and the software that makes it a reality. 

Unfortunately the human aspects of users, even within a 
narrowly restricted group, are diverse ana varictrle. What 
suits one individual is anathema to tne next. Preferences 
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change j er icd ically , and intellects grow and mature. The 
interface designer rust accommodate the widest range cf 
users in a manner appealing to all and condescending to 
none, a formidable task! The power cf modern computers is 
beginning to allow the designers to bring tne macnine up tc 
man's cognitive level, liKe never bseiore. Techniques and 
equipment are being combined that offer vastly improved 
means of working, learning and playing. The laser viaeo 
disk player (LVD) is a prime example. It is the answer tc 
an interface designer's prayer. The LVD net only offers 
enormous storage, tut can be interactively computer 
controlled to show selected combinations cf instruction, 
explanation, and examples that would otherwise require a 
dedicated instructor or extensive reference material. It is 
the perfect medium to store the myriad error messages and 
explanations that previously were too numerous and 
cumbersome to attempt. With well designed lesson material, 
instruction at the workstation simply becomes a matter of 
selecting the disk, inserting it in the player, then hanging 
on fer the ride. An LVD combined witn a computer work 
station becomes a combination library/classrom/off ice with 
nearly unbounded potential. 

The goal of the project with which this thesis is 
associated is to design a Command and Control workstation 
with off-the-shelf commercial hardware. This thesis 
explores the hriarpatch of the human-computer interface 
pursuant to that ena. 



3. EE5IGN FOR hU MA N -COMPUTER INTERACTION 

It is not enough that people want to use a computer, 
their desire must be sustained by tr.e cuman-ccmjuter 
interface before the machine will gain wide acceptance. The 
successful interface makes the user feel comfortable and 
relaxed while doing his job, and is faster and more accurate 
than conventional methods. A typical user will not change 
his or her normal work habits to use a new computer unless 
it is easy to learn and simple to use. Given a choice, 
users must r erceive vast improvement over old methods before 
they will seriously consider the change. A little 
improvement is not worth the effort to chan 6 e extablished 
me thcd s . 

The new generation of computers from APPLE, i.e. LISA 
and MACINTOSH, are exiting, relatively inexpensive examples 
of just wnat is possible in a modern interface [Ref. 1] . 
The dramatically new interface using icons and object 
oriented dialog appears to be attracting previously 
disinterested people to computers. Acceptance among 
traditional computer users has been slower, largely because 
the new interface is unconventional, and they are resistant 
to change . 

Some display interfaces are easier to learn than otners. 
Interface software complexity increases rapidly with user- 
friendliness. An interface that appears simple mas.-cs 
internal detail and complexity. The software r .inning behind 
it is handling the minutiae formerly left to tne user. Put 



the ease of use of some of tne teller 
itself many limes ever in reduced 
increased operational efficiency. It 
save a few thousand dollars per system 
-rocess only to spend ten times that 



systems will pay for 
training cc s t s and 
may be possible to 
in the procurement 
amount in recurring 



training costs. 

In this tnesis the three basic parts of human-ccnpu te r 
interaction: user-to-compater communication; compater-to- 

nser communication; and the dialc* between the two are 
examined in some detail. An interlace designed to help 
students new to UNIX is proposed. It is an overlay t.iat 
works in conjunction with UNIX, not in place of it. 
Conclusions regarding the human-computer interface and 
future improvements are discussed last. 
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II. COMPUTER TO USpR COMMUNICATION 

The computer communicates to the user via out .ut 
devices. A typical computer work station has one cr mere 
CRT (catnode ray tube; screens and access to a printer. 
Other output devices are possible, including; voice 
synthesizers and ctr.er specialized hardware. A printer may 
te part of the installation, but printers are usually 
centrally located to be shared with ethers. Refore CRTs 
became the accepted interface medium, printers were. Now 
they are used as copy machines: to obtain copies of 
intermediate and final results. 

Audible tells or tones are used to sound fault alarms, 
or to warn of illegal operations. Frequently, the audio tone 
is felt to te an annoyance ty the user community. 

Voice input is an emerging tecnnology, with high prices 
and low performance, but the cost to performance ratio is 
improving as researen progresses. The difficulty ol 
extracting meaning irom spoken words and of joining sounds 
to form understandable words takes substantial maccine 
resources and time. That additional processing slows the 
dialog between user and macnine below a comfortable 
tnresnold. Computer vocabularies are small, ranging from a 
few words to two to three hundred words. 

Voice recognition is used as a security cneck. Speech 
synthesis is also a major research area. Inexpensive s^eecr. 
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syntnesis microchips nave allowed tne capability tc be used 
in several electronic toys. The "voice’’ is still too 
mechanical and artificial scundin r tc he used in a general 
purpose interface. There is a tremendous future for voice 
input and output when it becomes cost effective. 

A. THE PHYSICAL MEDIUM 

The CRT screen is the com.runicat ior interface. The 
information displayed there must be timely, accurate, 
meaningful, and concise. It is here that the computer must 
condense as much information as possible to keep the user 
informed about his current status, the status of his active 
jobs, ana any other pertinent system information and 
messages . 

Opinions about various monocnrome screen phosphors are 
many and varied. Personal preference is the determining 
factor for which is best. All monocnrome combinations 
(amber text, dark background; green text, dark background? 
white text, dark background; and reverse video combinations) 
are adequate, though the lined background of full screen 
reverse video may be less comfortable to use on text 
oriented raster scan displays. The most annoying distractors 
are reflected glare and misadjusted brightness and contrast. 
All these can usually be controlled by the informed user. 
Means shoula be incorporated in the terminal initialization 
sequence so the user can set his ^references. 
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Color iron iter screens p re sent additional pret lefts. 
There are definite color combinations that produce 
remarkably uncomfortable visual sensations (green text on a 
bright orange background is one). Designers must be made 
aware of the vision function of accommodation ana take pains 
not tc inflict awkward combinations on unsuspecting users. 
Ideally, the user should be able to select his own preferred 
color combinations, then the designers problem is just that 
of providing tue flexibility to ac so. Default colcr 
combinations snould be comfortable to view. 

E. THE dCRZSN DISPLAY FORMAT 

There are two screen display formats used in general 
purpose interactive workstations, vector drawing and raster 
scan. Two versions of each are widely used. 

A refreshed vector drawing display has nigh resolution 
but has teen restricted tc use primarily in graphics 
applications, where its special features are required. It 
is considerably more expensive than the same size raster 
display. Tne vector drawing display's forte is line 
drawings. It draws true circles and diagonal lines, because 
each line is a continuous stroke of the electron beam. The 
number of displayed segments is limited by the team drawing- 
speed, screen refresh rate, and amount of storage dedicated 
to vectors. The maximum number oi displayable vectors is 
fixed, which is the primary shortcoming of refreshed vector 
drawing displays. Vector drawn display text is very sharp; 
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but because each letter is a combination of strokes the 
number of characters is limited. Consequently, text 
included on a screen frame rabidly depletes the number of 
vectors available to draw figures. Eecause of this only 
special purpose workstations have vector drawing CRT 
screens. CAD , computer aided design) workstations typically 
use a vector display for drafting and drawing functions. 

The second version of vector drawn display, the LVST 
(direct view storage tube), eliminates tne screen refresh. 
Hence it is much less expensive. DVSTs are not satisfactory 
general purpose workstation display surfaces because partial 
screen erasure is not possible, and writing speeds tend to 
be slow. DVSTs are excellent adjunct graphic displays for 
line drawings and text. Improvements and cost reductions in 
raster display technology have relegated DVSTs to a support 
role entirely. 

The first kind of raster scan display is text oriented. 
The screen is nominally divided into £4 lines of 82 
characters eacn. Screen area net contained in that pattern 
is not addressable. Da oh cf the character positions is 
addressable and may contain any printable character. Tr.is 
screen is best used to display text. The main advantage cf 
this display is cost; it is the least expensive to produce. 
A screen buffer need only be 2K bytes. It is possible to 
have two or three screen buffers to allow rapid screen 
filling operations, even at low data transfer rates. Low 
screen resolution, which results in poor quality graphics, 



is this display's main disadvantage. Contrived tar and line 
graphing are possible, as is crude curve plotting. 

The second kind ot raster screen display is Known as 
"cit-mapped or "dot addressable". On this display the 
smallest addressable screen position is known as a pix°l 
(Picture BLement). The physical size of a pixel is 
determined by the physical construction of the CRT and the 
signal handling s^eed of the amplifiers that control the 
electron beam. Very hi fc h quality, tut expensive, tit-mapped 
color displays of up to 1024 x 1024 pixels are made. 
Monochrome displays can be had up to 204S x 2048 pixels. 
Though more expensive than text oriented raster scan 
displays, the bit-mapped display is the display of choice 
for a computer terminal or work station. In tne graphics 
mode it dees suffer from "aliasing", the stair case 
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substantially larger screen or frame tuifer (a Megabyte in 
the case of the 1024 x 1024 screen). But rapidly falling 
memory prices have helped to mitigate that disadvantage. 

The raster scan format offers the most flexibility with 
the fewest restrictions in a b eneral purpose workstation. 
The preferred raster display is bit-mapped. The workstation 
that uses graphic communication techniques snculd be 
equipped witn a high resolution bit-mapped raster scan 
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display. It provides excellent character definition, good 
quality drawing features, and exerplary text legibility. 

C. THE SCREEN LAYOUT 

Most screens are arranged like a pa^er page. The 

beginning of the page is at tne upper left corner. The 
screen fills from left to ri P ,ut, top to bottom. Only one 

page, cr portion of a page is displayed. Tr.at standard 

layout has served well and will continue to do so. One 

display line is reserved for machine messages. Thus if tne 
screen displays 24 lines, <3 may be used to display text. 

The problem witn the single sheet of paper per screen is 
that it ioes not offer a large enough "desktop", or wording 
space. Few people work with just a single sheet of paper 
before them. Even the most rapid paging or scrolling screen 
is not adequate for reviewing material not included cn the 
current screen. The root of tne problem rests in the frailty 
of human short, term memory. That shortcoming will arise 
frequently in the design considerations of a human computer 
interface. When the context of interest is lost because of 
changing the screen contents, all but a few basic facts 
about the previous screen are gone too. The solution to tnis 
problem lies in preserving some or all of tne previous 
context when the user must change screens to see ether 
information . 

One answer has been to partition the CRT screen intc 
several non-overlapping zones. Each zone is reserved for a 
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^articular type of information. One night display the mode 
of operation, one could be a reserved area for error 
messages, another the title of the current file, etc. Fig. 
xxx illustrates a typical screen layout using zones. Tne 
zones remain on the screen, when the display char. 6 es, or the 
user changes what he is doing. 

"Split-screen" is another version of screen zones. In 
this mode the CRT screen is divided into two or more 
distinct areas. Each area may contain something different. 
Two or more files may he displayed simultaneously. Two parts 
of the same file may he shown juxtaposed, to save the user 
from scrolling tack and forth ,and forgetting hetween;. The 
problem with split screen operations is that the amount 
shewn on each portion of the screen is reduced, often making 
it difficult to retain the context. 

"windowing" displays are currently fashionable. They 
are a trick way of getting mere surface area from a fixed 
^ize screen. They are similar to the previously described 
zonesi but are temporary, relocatable, and may overlap. Tr.ey 
appear or.lj when requested by the user, thereby saving 
screen space, windows overlay ana partially ccscure tne 
previous screen contents; tut may be moved by the user to 
"uncover" an area. The currently active window is displayed 
on top of what ap r eers to be a stack of pages on the screen. 
On most windowing systems individual window size and shape 
may be set by the user. 'windows allow additional 
information to be available tc view at tne user's request, 
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while preserving- the screen contents. The mechanism of the 
request can he any of several popular methods. 

L. THE INTELLECTUAL LEVuL 

The intellectual level of rachine-to-user comnu.ni ca t i cn 
has historically been biased toward the rracnine. Innerent 
machine limitations and meager hardware resources dictated a 
lew threshold. Early interactive systems responded with an 
"Unblinking Stare" to almost all user input. Tne only clue 
that his jet or command had teen received and understood was 
another "ready" prompt - a symccl appeared cn the screen 
notifying the user that additional input could te accepted. 
Mistakes in the input often meant no response of any kind. 
Surprisingly, many popular systems still offer only tnat 
enigmatic stare, UNIX for one. 

The intellectual level at the interface has riser, 
rapidly with increasing microcomputer power and decreasing 
hardware costs. East, capacious storage and modern 
techniques have solved the lorm.er Hardware deficiencies. 
Hardware is no longer the major limitation. The emphasis for 
improved performance was not directed to improving the 
interface until very recently. Whole CPUs (Central 
Processing Units) are dedicated to screen management and 
input-output; cut the machine-tc-user communication remains 
the sane, with the exception of mere accurate error and 
fault condition reporting. 
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v ary of the faults with the interlace can ce traced to 
practices and procedures that began i:i the early days. 
Surprisingly, many catch processing procedares are common in 
interactive computing. For exapple: every computer 
programming langua e e popular today was designed for a batch 
processing environment, being separately compiled, loaded 
and run. 

The move away fron the blank stare mode began scon after 
the advent cf interactive computing. It did not receive 
much attention until the microcomputer explosion caused the 
computer to move from the laboratory into offices. 
Computers began to be called upon to do useful work in 
real-time. Tne clamor for user friendliness began. Kany 
ideas have been tried and discarded. Those that have worked 
have appealed to the user's physiological, psychological, 
cognitive and intellectual needs. 

The semantic level at the interface nas moved from the 
cits to bytes (computer words, langua e s characters), to 
command words, to clumped commands, and finally tc a 
metaphoric level. [Ref. c] The metaphor is a model that 
selectively combines all the useful ana practical features 
of computer interface design and integrates then, into a 
cohesive package that emulates a familiar environment. All 
available computer functions are masked behind a model of 
the application it is intended to serve. The user sees only 
terms, functions and methods with which he is familiar. Tne 
bewildering and intimidating world of the computer scientist 






is completely hidden. The ideas that grew into the 
metaphoric interlace originated with the pioneering worx of 
Alan Kay and his group at XEROX PARC with SMALLTALK ar.i 
Dynabock. Several commercial products are using tuese 
concepts, among them Xerox STAR, Dolphin, ani Dorado; am 
AFPLE's LISA and MACINTOSH [Ref. l][Ref. 2j . Tnis interface 
more nearly emulates a conventional desktop. Everything on 
the screen is treated as a physical entity, having an 
identity and occupying space. The keyboard is used only for 
text entry. A pointing device .mouse) is used to manipulate 
the objects. The translation is sc complete and the 
implementation so natural that ccmparat ive ly little effort 
is required to use the system. This object based display 
format is a paradigm ol ccmputer-to-user communication that 
will become a starting point for all new machines. The 
metaphor can be modified to meet tne needs of many 
situations and applications, changing the nature of the 
computer from special purpose machine to general purpose 
tool. The keyboard is the final hurdle tc widespread 
computer acceptance. Its elimination as tne primary means 
cf entering text and data will mark the beginning of an era 
that will see computers become as ubiquitous as televisions 
and telephones. 

F. THE COMPUTER SPEAKS 

Not every computer interface designed new will emulate 
the metaphoric paradigm. Designers must endeavor to keep 



21 



the level cf computer-tc-user communication as close to the 
human domain as possible. Every expert agrees that the 
rachine must respond as quickly as possible to an input 
request. If it is unacle to respond in less than one or two 
seconds, then it should notify the user that tnere will be a 
short delay, and give an approximate time to completion 
[Ref. 31 . If the processing will take a long time and 
partial results can be displayed, then the machine should 
begin responding as soon as it can with intermediate output. 
The time limit of one to two seconds is a rule of thumb, out 
fits well with human cognitive processes to maintain tne 
user's train of thought [Ref. 4], Every utterance made by 
the machine must be s el f-expl ana tory . Here utterance means 
"any compute r-t o-use r communication". Cues prompting for 
input should, at the user's discretion, display the term 
(syntax) and options of the expected command. That nelps 
the user twe ways . First, it helps him remember the command, 
reinforcing his knowledge about it. Second, it reduces the 
probability cf mistakes. Ideal lp the computer will display 
the command line, and the user can fiii just the blanxs , 
saving extra typing, As the user becomes more confident and 
experienced he can snift to a mere independent mode. 

A machine initiated mode of control relies on the form 
and substance cf machine communication. Tne machine usually 
controls the dialog options in this mode) cut it need rot 
appear tc be in control. The user is free to select from, a 
list of cations made available by the machine. The 
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restrictions placed cn user action by tnis mode reouce the 
opportunity for error, loth in r.ufnter and ty r e. Novice, 
inexperienced, rushed, and careless users all benefit freer, 
this feature. It also has disadvantages. it is usually 

slower, because the user must scan lists of, possibly 
unfamiliar, options and make selections. The selection 
mechanism adds to the overhead of the chosen operation. 
This mode is more cumbersome to use , because the control 
path is predetermined, and shortcuts are not easy, pernaps 
r.ot possible. It will affect user flexibility, tecause tee 
commands and options offered will tend to be general 

purpose. This mode is preferred for casual or inexperienced 
users primarily interested in accomplishing the task at 
hand. It can also be useful in system tutorials for new 
users . 

Machines that do net nave a state of the art user 
interface are not hopeless; but they do need nelp. A 
software interface package can be overlayed upon the 
operating system. It need not adversely affect system 
performance because it will be active only when the system 

is between modes. It will take space and slew parts ot tne 

present system. The idea is to display menus, soft buttons 
and pull-down windows on the screen. Tne display contents 
are cues to user choices, for instance, a computer user 
expects to be able to loc<c tnrougn nis files; write, edit, 
compile and run programs; compose and edit documents; copy 
programs and documents (electronically and printed); and get 
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on and off tne system. Re fc arlless of whether the system 
commands tc dc these things are easy tc learn and remember, 
the new user is unlikely to know tne correct command and 
therefore is unable tc use the system. Yet he knows what ne 
wants to do and now to do it manually. He is missin& the 
key tc unlock the power of the Tacnine. The claim is: He 
should not need specific knowledge about tne machine , or the 
operating system tc use it. The user is normally not 
interested in processing details, only in getting ais jot 
done. He should not be burdened with computer-specific 
details. The machine is supposed tc make his jot easier. In 
fact, present computers add a layer of complexity to most 
jots. 

The interface overlay easiest to implement is menu 
driven. It can ce enhanced to a full fledged metaphoric 
interface if the machine is sufficiently fast and has the 
resources. A pick device (mouse) is preferred) cut not 
essential. The pick decreases reliance on tne keyboard, 
decreasing user apprehension. All menu selections are 
labeled witn generic terms, recognizable by a broad range of 
users. The specific system is hidden cy t’-'e functional mask 
of the interface, directly embodying tne first Parnas' 
principle of information hiding [Ref. Sj. The overlay need 
net, in fact must not, be static. A static interface would 
necessarily be slanted toward a specific user group. To 
increase the user domain, flexibility is essential. 
Instructional messages intended for a novice cause annoyance 
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and impa t ience in experts. Tne same flexibility should also 
allow the expert to call on available ails, if ue so 
decides. Though the machine controls tne number and type of 
commands allowed the user is still in command. 

2 . i R ?. 0 h S 

Error handling and reporting is the most crucial facet 
of man-to-machine communication. It is easy to inspire user 
confidence and calm when everything is working correctly. 
The test cf an interface is how gracefully it behaves when 
something gees wrong. The classes cf errors are defined for 
the typical computer system. Some more exotic error 
treatments will he touched on afterwards. Three classes of 
errors are readily definable: superficial, recoveraole, and 
fatal. 

1. Frrcr Types and Remedies 

Superficial errors are caused by user carelessness 
or confusion. They include typographical mistakes, mistaken 
selections, and out of sequence actions. Tney are easily 
detectable end correctable, in most cases. Typographical 
errors nay he caught by either the user or the machine. 
v istcken selections are legal operations, but net the one 
the user intended. The onus is on tne user to correct the 
situation, but the system can help by allowing the user to 
quit an operation or sequence at any intermediate point. 
Out of sequence actions occur when a user fails to do a 
necessary intermediate step. For instance, he tries to 
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execute a source file without first compiling it. Tcis 
error is preventable, tut the designers must include 
explicit features to do so. They rust try to anticipate 
user actions, providing appropriate renminders and 
procedures that illustrate tne proper sequence. If tue user 
learns cy bis mistakes he is less lively to commit the same 
error twice. 

Recoverable errors are not discovered until after 
the fact, cut may be undone oy some means to get tack to the 
startiv condition. This is a much larger class of problems 
and requires more ambitious methods to fix. The methods 
usually involve restoring words, lines, or small files that 
were erroneously changed or deleted. Tne recovery 
techniques involve intermediate back-up. Small entities 
like words and snort files can be temporarily saved in a 
buffer until the proper result is confirmed. Tne storage 
cvernead is not unduly expensive, relative to the confidence 
the ability tc undo the operation instills in the user. 
Larger files can be backed up cn disk or ta r e, cut the user 
must usually take evert action tc do sc. \ small ciass cf 
functions may be inverted, i.e. run backwards, tc retrieve 
the input from the results, but that is an exception. 

The final class, fatal errors, are ncn-recove rable , 
or are so difficult to recover irem that it is net worth the 
expense. These errors must either be prevented, or the user 
warned of the consequences before they are executed. Tor 
example: a user decides to delete the entire contents of a 



directory, end imprudently uses the command "delete * .*" 
vitnout realizing he is not in the directory he intended tc 
delete. The command is le & al and tne system will execute it. 
The system designer must have anticipated this situation and 
included a measure of protection. To warn tne user tne 
system shoull respond with a message similar tc: 

"WARNING, delete *.* will delete all files in direc- 
tory: 

<directory name> 

Confirm intention ty pressing the left mouse cutton. 

Press the right mouse button to abandon command." 

Where -(directory name> is the current directory. This gives 
the user an opportunity to ponder his action and reinforce 
or abort nis decision (and save himself considerable 
anxie ty ) . 

Another type of fatal error is caused by hardware 
failures. These errors are becoming less common, cut car. be 
heart-stoppers when they do occur. The only remedy for this 
class is a c omprer.ensive back-up pregram, expert technical 
support and a dose of good fortune. 

2. Ideal Error Response 

The ideal response, in most cases, is no overt 

response to the error condition at all. The machine knows 

what the user intended (based on the context in which it 

occurred and because the suspect word nearly matches, or is 
an alias for, a known word) and carries out nis request, 

ignoring the user's misspelling or command synonym. A modern 
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interface design should specify a more partitioned response. 
A new user, or one learning the system should he presented a 
reminder of the prefer spelling cr command. Inat ccula te 
dene hy having the system substitute t.ne correct command 
word at t.ne appropriate spot, for instance. Tne Interlisp 
system perceives the user's intention, requesting 
confirmation of spelling corrections it maxes automatically 
[Ref. 5]. In operation it seems uncanny, as though another 
person is watching over the user's snculder. Ir. terlisp 
demonstrates the power availacle within the machine, but the 
resource costs associated with it make it impractical for 
most microcomputer based systems. A more accomplished user 
might turn off the reminder feature if it annoyed him, or if 
it sped up his job. An even cetter method is not to use the 
keyboard at all except for entering text in a document or 
names into a program. Compiler errors will become 
ana chrcni sms , as more syntax directed editors become 
available. The emphasis is now turning to run-time error 
detection and correction, a much more troublesome and 
difficult problem. 

Tc be helpful the machine must provide enough 
information about the error type and location sc that the 
user can attempt to find and correct it. That implies tne 
computer must have knowledge of the program, as well as raw 
information. Unfortunately, the artificial intelligence 
program required to perceive the user's intention from all 
the data on hand would seriously overload all but the most 



powerful microcomputers. The machine usually has sufficient 
raw data about the errcr to provide accurate information 
about the problem. The information is usually not ir. an 
understandable form. System designers have been reluctant to 
provide the facility to do the job cf translation, because 
it nas teen considered to be wasteful of precious resources, 
i'or example, many modern error handlers respond to an 
incorrect address call with: "Eus error(core dumped)", wnich 
sends the user Lack to his program; or worse, to a 
hexidecimal core dump, to find tne fault. Kost systems are 
capable cf: "Address out of bounds in subroutine 
<sutroutine name> statement Statement number>", if the 
error handler has had the proper emhasis from the beginning 
of tne design. An artificial intelligence based debugger 
might respond as in the previous statement with the aaaition 
of: "... expected <address name>". The ultimate response 
might be a warning to notify the user to verify the 
corrected address. In the recent past the designer's feeling 
has been: "a minimal error handler is adequate because real 
programmers will figure it out." That is no longer an 
acceptable attitude on any design team. Those resources are 
new expendable, translating data from one torn to anotner is 
one of the machines strongest attributes. 

On line debugging tools have been some of the most 
obtuse program development aids ever devisee. Single 
source-statement stepping teenniques (from compiled code) 
ere some of the easiest tools to use, but are not widely 



25 



available. That is the normal data* mode of interpreted 
c ode . 

3. A Specious Notion? 

The notion that mistakes can oe reduce! c y providing, 
rewards for correct performance and t j punishing incorrect 
performance seems to he apropos in learning to ise 
computers. The concept of rewards and punishment is well 
founded and widely accepted, hut. in this context must he 
extremely subtle. Initial attempts will probably fail. One 
proposal is to reward correct behavior and provide correct 
usa^e prompts wnen incorrect entries are attempted [Ref. 7]. 
In theory it sounds plausible. The particular implementation 
proposed by Dwyer appears to be too obvious. Most human 
operators will chafe under tne notion that the machine is 
dispensing symbolic pats cn the head. Tne issue is wnc is 
in control, the user or the machine? A tetter method is tc 
allow correct performance to be rewarded with obvious 
^roferess. Incorrect performance should be difficult or 
impossible. Allow the user to set experience level keys or 
let the system, recognize the user and set an experience 
variable internally. User selectable options are best. 
Various levels of experience invoke different guidance for 
each user action. The notion of rewards must be very 
cautiously implemented, and only after extensive testing. 



III. MAN-TO-MACH.I NJ COMMUNICATION 

Man-tc-macnine communication has teen the dividing 
lector between computer users and non-users. Past (and 
present) computer command and programming languages are 
cryptic, confusing, difficult tc learn and nearly impossible 
tc remember. People are not mentally equipped to learn 
things like that. It is especially frustrating to learn a 
particular set cf commands and their idiosyncrasies only tc 
forget them almost entirely during a fortnight of non-use. 
The reason for the inhuman lexicon in the past was lacx of 
storage space. There was not enough space to do all the 
things that had to be done, so tne sacrifices had to he made 
by users. The former extravagance of more understandable 
commands has been made affordable by the microcomputer 
revolution and the shrinking microchip. Sufficient memory 
and processor speed exist in all tut the smallest machines. 
Note that the command languages transcend tne mere typed 
code word or phrase. New methods of impressing the user's 
intention on the macnine involve some very human 
abstractions, e.g. pointing to the item of interest. 
Regardless of the method involved the never communication 
forms have teen kept from wide use cy the expense of 
hardware. That is no longer the case. 
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A. INPUT DEVICES 

'There are many kinds of physical input devices: 
keyboard, joystick, light-pen, mouse, digitizing pad, and 
touch panel, to name several. A more complete description is 
included in [Ref. 4] [Pef. 3]. A brief description will 
suffice here. 

The typewriter keyboard is identified witn the computer 
because, even before widespread interactive computing on 
teletype machines, key-punch machines were used to create 
cards that the machine could read. It is the classical 
computer input device. As such it is a first choice by 
computer system designers, (dost computer users expect a 
keyboard as part of the machine. It may have from 40 to over 
100 keys. The upper and lower case alphabet and dibits form 
0 to S are included, as are m^st punctuation marks. b'cst 
keyboards are encoded with the ASCII (American Standard Cede 
for Information Interchange) character sets. The ether 
standard character set is EFCDIC (Extended rinary Coded 
Decimal Interchange Code), used primarily cy 1 3b! . Ihe 
ergonomics of keyboard design was decided before the advent 
of the computer. It is a result of typewriter design, and 
is locked into its familiar, but awkward QWERTY layout 
because of the costs and politics involved in having people 
learn a new keyboard layout. Other designs, mere suitacle 
to human pnysiology, nave not snown sufficient improvement 
over the standard to ce considered for wile application. 
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The rrost likely fete of the keyboard is that QWERTY will be 
superceded by voice input . 

The joystick is a holdover device from the era of ar.alo^ 
computers. It is a stick mounted with two decrees of 
freedom. Action in either of two perpendicular directions 
causes a wiper arm on a potentiometer to move. chan e io P ; the 
resistance. That resistance is converted into a digital 
signal and fed to the computer. Thus a joystick can 
represent a point in X-Y space easily, and so can be used tc 
position the cursor. As a cursor controller the joystick is 
a member of the locator family of logical devices. 

A light-pen is a light sensing device used to denote a 
point on the screen. It senses the light emitted when the 
electron beam strikes the screen phosphor. It is shaped 
liKe a pen and has a tnin wire bundle attached to the end 
opposite the sensor. It shines a light from the sensor end 
to show the user precisely where it is aimed. A light pen 
is most often used as a pick, though it may also be used as 
a stroke, locator or valuator device. The light pen has 
fallen cut of favor because it is more expensive and fragile 
than a mouse, because it is sensitive tc all light, net just 
tr.e light generated by the CRT, it must be Kept in a holder 
or stand when not in use. That means the operator can net 
just set it down between uses, liKe he can a mouse or 
joystick. Another light-pen failing is it may become a 
missile hazard if used in a nen-benign environment, e.g. a 
ship, aircraft or automobile. The light-pen was once a 
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breakthrough in computer control. It is bein b replaced now 
by the mouse, a cheaper more robust device. 

The mouse is the new darling of the computer interface 
designer?. It offers a flexible and relatively inexpensive, 
means to control a screen cursor. Tne cursor is then used 
for most interface functions. Tne mouse is mere expensive 
than cjrsor control via a keyboard; but it enables a control 
mode that is much mere closely attuned to human cognitive 
processing, [Ref. 4]. Consequently, it is much easier to 
use. It also suffers the missile hazard problem of tne 
light-pen. But a user may leave the mouse where he last 
used it, without fear cf generating spurious input, as the 
light-pen might. The number cf buttons to place on the 
mouse is arguable. Three buttons seem to be widely 
accepted, but one and two are also used. The decision should 
be made on the basis of the expected user group. The 
arguments range from "One button may be less confusing" to 
"The software may be easier to write for three buttons." 
[Ref. 1] 

A digitizing pad is used to translate graphical 
information into a machine-readable format. It is a flat 
surface with either a mouse or stylus connected. Crawings or 
other graphics information are placed cn tne surface, then 
points are read from the drawing using the mouse or stylus, 
digitally encoded and transmitted to the computer. A 
di fc it.izirg pad can double as a mouse type cursor controller. 
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Touch r ar.els are a recent addition to the world of 
computer input devices. Two different technologies are 
used. One uses transparent pressure sensitive memcranes 
adhering to the surface of a display screen. The otner 
version is made of two linear arrays of laser diodes, 
arranged at right angles, tr.at form an invisible grid of 
intersecting light teams on the display screen. A finger, 
or any other opaque object that interrupts one or more teams 
is interpreted as an input signal. 

The major disadvanta fe e of touch screen panels is 
resolution. To keep costs within reason, and to offer 
acceptable resolution (approximately three or four lines per 
inch) the touch panel is suitable for use as a pick device. 
Higher resolution is possible, tut costs escalate rapidly. 
If resolution is finer than a human finger tip, a stylus 
must be used to indicate user selections, to avoid ambiguity 
and spurious inputs. 

The ultimate in cursor control is a "no-hands" 
controller. Implementation is by means of a hat containing a 
sensor that determines where the user is looking. Most use 
a low power laser reflected off the eyeball to read eye 
motion, which is translated into a screen position. This 
mode of operation allows the user to keep his hands on the 
keyboard, a benefit for accomplished typists. No-hands 
cursor controllers are just now becoming commercially 
a va ila tie . 
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5. COMMAS D LANGUAGE 

A command language is the means t y which the computer is 
made to do useful work. A typical computer command language 
is designed to implement functions. Tnose functions nay be 
sixple or copplex, low level or h ig’n . Language design cased 
on grammat ical , syntactic and semantic properties of nuran 
language tends to generate computer c opt and languages that 
look like spoken language. In the past hardware limitations 
drove command language design decisions. Now, new hardware 
capabilities are allowing a totally different language moael 
in man's quest for more natural computer use. Ine command 
language abstraction is moving rapidly toward the human end 
of the man-machine communication channel. The trend is away 
frcrr command words and phrases, and toward a command 
representation that emulates the environment. The things 



the machine 


can do 


a re 


being 


e xpre s sed 


in common. 


understandable 


te rms . 


In 


s erne , 


words are not 


used at 


all , 


pictures and m 


ction, be 


sed 


on the 


well known metaphor 


of a 


desk top, su 


ffice to 


define an 


unambiguous ac 


tion tae 


user 



wants the computer to execute. 

Command languages nay take many forms and be implemented 
c everal different ways. Idacnine control metr.cas below the 
process logical level will not te discussed .cere, because 
those details are not useful to the general user. In this 
context a process may te thcugn cf as the logical emtcdyrent 
of a user command. Typical processes are: logging onto the 
machine, editing a file, editing commands within a file, 
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browsing <a file, executing a program, etc. Tee mest common 
command language implementations are enumerated celow. 

1. Simple Command Language 

The simplest command languages us® single character 
cedes to represent legal operations. The test attempt tc 
apply mnemonic tags; tut tnat is difficult with single 
characters, e.g. E could mean edit or erase - two entirely 
different operations. Single character codes are no lender 
used as computer command languages; tut are still widely 
used in interactive editors, debuggers, and various utility 
programs. Single character codes minimize typing. 

The next most simple command structure uses multiple 
character command names, usually between two and five. 
Mnemonics can begin to helg users differentiate commands; 
tut they still need handy reference material. 

Full word command languages are the easiest to 
remember. The functions are invoked simply by entering the 
name just as before; but now the function name is fully 
specified. Spelling and abbreviation peculiarities are nc 
longer a concern in remembering a function name. This mole 
can be enhanced tc save typing. Tne machine can fill tne 
trailing part of the command word or phrase as soon as it 
recognizes an unambiguous leading character string. 

The factors that separate a good command language in 
this category, 1 rem a tad one rest in the syntax and 
semantics of each. Syntax rules like the "zero, one, 
infinity principle" [Ref. 5] , and command structure 
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ccr. si s lency can be important aias to learning and use. 
Ignoring simple rul^s lik<= that can result ir. an 
abomination. Learning to use simple command languages is 
almost entirely a memo r y function. The user must associate 
the tnin„ ne ^ants tc do witn the correct function name and 
syntax. The early stages of the process are very i rustrating 
because the user must constantly refer tc documentation for 
help. Even tne most regular languages still require a 
learning period. 

c. Function Keys and Programmable Keys 

Function keys are the hardware designers answer tc 
the difficulties of learning command languages. They are 
usually additional keys on the keyboard, tnat may or may not 
be laceled. Function keys relieve some of the short term 
memory problem but they add to The user's initial confusion 
and intimidation. Some the keyboards in systems that use 
function keys are awesome. After learning the extra button 
meanin 6 s and locations they are generally easy to use. They 
also tend tc limit system flexibility, because the user nas 
no control over the functions. The inflexibility is felt in 
other '/ays tcc. Users whc initially use the system because 
the function keys are self explanatory often find themselves 
disenchanted when they have out 6 rown the novice-user stage. 

Programmable function keys are a partial solution to 
the problems of function keys. They allow additional 
flexibility for bct.o the system designers and in most cases 
the users. The flexibility comes because each key is no 
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longer locked into a single function. Fach application 
1 rogram may redefine the Keys to suit its neeas. In many 
rases the user can define keys tc suit nis r.eecs. Fever 
function Keys are needed whicr. reduces tne users initial 
awe. Unfortunately, now the user is faced with a 
memorization problem again, unless the designers creviced 
for variable labels too. 

Function keys and programme cle keys are an attempt 
tc compact mere functionality into a fixed capacity. They 
are a compromise, they add to equipment costs, and they make 
the system unique because cf the added keys. Someone used 
to a general purpose keyboard may have difficulty adapting. 
That is not a failing cf the hardware, tut a user interface 
consideration. Systems with fixed function keys tend to oe 
aimed at novice computer users. That translates into: Only 
novices will use the system. Too much attention paid to a 
particular user segment usually means the rest ft et 
neglec ted . 

3. Menus 

Menus are the software designers answer tc tne short 
term memory problem. They have advantages ever the function 
key solution, but they also suffer sene cf the saTe 
flexibility problems. They can be variable size and length. 
They are more self-explanatory than keys, because the 
designer can write mere than a single word or abbreviation 
in an entry. Like keys they also channel the users activity 
into predefined paths that may be difiicult or impossible tc 
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depart. T 1 “signers rust ce caret' j1 r.ct to take the menu as a 
final solution to command language problems. They are a 
useful tool and when used in conjunction vith ctr.er devices 
can help create a powerful environment. They can also he a 
nuisance. Escape sequences from, several layers of menus can 
he particularly devious if the user is not kept informed ct 
bis whereabouts in tne hierarchy. 

4. Nacre Instructions 

"Nacre instruction" is a term coined to aeti.ne a 
combination of computer commands, used frequently, that may 
conceal intermediate results. The term was first applied tc 
assembly language programming; but is used at all levels of 
computer language now. Nacre instructions are the key tc 
user flexibility. They are an easy way for the user tc 
customize a system to his personal desires. Unfortunately 
they are some of the hardest things to learn about a system. 
The reason is somewhat self perpetuating, hew users rarely 
write their own macro instructions, though they may use some 
t ive tc them without realizing it. They usually are unaware 
of the existence of macros. Experienced users use macros 
extensively. Tr.ey also write the documentation about hew tc 
write and use macros. Have you ever tried to read system, 
d ocumentation? If you nave, now you know why only 

experienced users use macros. 

5. Icons 

Icons transcend written language. In the context of 
computers they are small uncomplicated sketches that 



represent commonly known ideas. U naers tanaable cr.es are 
symbols that represent a particular metapnor . leers are all 
around us in life. They are especially helpful wren trying 
to cross a language carrier, as is demonstrated oy 
international read signs. An unfamiliar user nay net he 
able to decipher an icon at first; cut once he knows its 
definition he will remember it wren ne sees it again. Trey 
are tne easiest interface device to use; out place heavy 
demands cn hardware resources. Icons require tit-napped 
screen and fast secondary storage, as well as plentiful 
primary storage. 

5. The State of the Art 

As stated, the departure from conventional computer 
command languages is a result of vastly more powerful 
machines, especially microcomputers. Object-oriented 
interfaces .nave captured tne imagination of tne industry. 
They embody much of the novelty and "gee whiz'" excitement of 
arcade video games, yet are aimed at entirely practical 
purposes. "Wizzywi t " is a term for this family of command 
languages, from the phrase: "ihat You See Is A'hat You Set" 
U'YSIiiS) . The user is not required to orir.g anythin fe to 
the machine but common sense and a job he wants to do ;wnich 
tne machine is capatle of). Tne language he uses simulates 
manual iy dcin to tne task. for instance, tc produce a new 
document the user selects tne picture of a typewriter from 
the icons displayed. Upon selection of tnat icon the 
computer responds by entering tne wori processing mode, at 
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the top of a clanK page. The iser may te c ir. typing as soon 
as the displayed pa^.e is in t lc^e.' The aeytcard is r.is 
typewriter, the screen nis paper. Character ana word delete 
rteys are us c d for typing ccrrecticns. 

Larger editing functions, e.g. line spacing, t „r.t 
styles, text insertions and deletions, are mouse controlled. 
The function is selected with tne nouse. Then, tegir. and 
end text positions meriting the range of application are 
chosen, also using the mouse. As the mouse button is 
clicked, confirming the range, the function is executed. 
The results appear in the text, vitnout any further user 
action. 

The wizzywig editor described cere is the state-of- 
the-art in word processing software. It is not inexpensive, 
but is aflordable. The APPL2 MACINTOSH is sold with a 
version that, while restricted to six inch lines and ten 
pages, oifers all tne capability described above. Note 
though, the researcn and aesi c n effort that developed that 
editor was the culmination of over a decade of active 
pursuit, and the editor is net t rans f e r rati e to otcer 
microcomputers outside the APPLE family of "32 oit 
machines". It does demonstrate wnat is possible in a fairly 
modest but capable rricrcccm*. iter-based system. Sadly, tris 
class of editors are not generally available because tne;/ dc 
r.ct exist for most machines, yet. 
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IV. r.:i L I ALC I 



User ccnlider.ce in a Ctnpitrr system defends totally cn 
'now r.e views tr.e_ system. That confidence builds in stages 
beginning. with tne user's first experience with the .tie chine. 
If the hardware features are close to his expectations r.is 
confidence grows, hardware upgrades can he had later. If 
the software is available for that macnine to do wnat he 
wants and needs, he is a c ain bolstered; software is 
relatively inexpensive. If the user interface is a v<vard 

the machine will gather dust. Some people are willing to 

make allowances for every part of the machine except the- 
interface, tne part they can not touen or really see. 
People, especially tnese outside computer science, will not 
wrestle with a machine, even is it is supposed to be better. 

If the user interface is crucial tc machinp acceptance, 
it is even more so for acceptance of software application 
packages. The feature of the interface that ^ec r le perceive 
is the dialog, defined as thp conversational mode of 

comnunicat ion between tne user and computer. Regardless of 

all other hardware and software considerations, if the 
dialog is clumsy, unevenly paced, too tightly machine 
controlled, or otherwise unappealing, to the intended users 
the,, will perceive the machine tc be "bad". They nay not 
even be aware of why they feel that way. 
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Interlace dialc t mjst accommodate mer e syc nc 1 o n y . The 
statement is simple, tut the application of mat statement 
is net. Wit'-' s '■? i 1 1 and artifice the computer car. re pree'e: 
t c appeal t c the hunan psy ch° , a r.d mat is what red er n 
interface design is stout ... - A 1 1 C ! 



STARTING AT 
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Two distinct dialers exist at tne communis at i on 
interface. Tech is tetter suited to different situations, 
theUo’u neither is totally vror. 6 - in any case. Tne telling 
factors lie with both the user, his computer shills, a no his 
intent; and also with the machine, its capabilities, and 
purpose. One dialog is computer initiated, the ether is 
user i r.i t ia ted . 



The machine initiated mode, mentioned in chapter II, is 
tne predominant one in a modern interface. The stren^ 
attributes cf the machine are brought to the interface to 
help mrrpensate for the user's weakness. Ey displaying 
lists, the computer's accurate recall is med to nud 0 e the 
user's memory about the environment, remands, lexical 
position, ar.d various ctner details the user needs, but has 
difficulty keeping under control. If the amount cf 
assistance rendered is user selectable, the designer has 
placed the user in de facto control of his environment. If 
seme of the levels of help hap f er. to be tutorial, the system 
begins to emerge as much mere than just a smart typewriter. 
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The second too® is just opposite, the ;ser initiates the 
action via a c omma nd sequence and tne mac nine responds. In 
its pure form, this mode relies entirely on what the user 
icncws clout the system. It is the most common man-machine 
interface dialog. The reasons are historical and economic. 
It requir=s l°wer machine resources and, according to Fcley 
and van Earn [bef. £, p. 227], it costs less, because the 
machine need net store any information explaining commands 
in numan terms. The burden is placed on tne man to conform 
to the machine operating, environment, by learning and 
remembering machine commands. » it incut the proper commands 
and rules to use them, the system is less responsive than a 
portable Smith-Corona electric typewriter hooked to a 
televi c icn. Modern interfac® design practices dictate 
limited use c f this mode. 

This n-ode does have its place in a computer interface. 
There are experienced users that will always rely cn their 
own skills. The bare system will probably be faster, though 
mistakes will be more costly, in terms of lest time and 
wasted effort. Less experienced users may experiment with 
it, a n 1 oeght to have the opportunity to access it when they 
are ready. Everyone should experience the thrill cf working 
without a net. 
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e n e r i c 


software packages. Tne re 


are 


many things that 


can 


be d 


cr.e, with seme effort 


and 



appropriate hardware, to ease tne pain of learning command 
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lang-ua^es , n -onceal them from th c user. T’-.e first. and 
p reacminant , hurdle tc overcome is short ter- ,r PTcry. The 
following, memory aid? car. ce implemented on ary personal 
computer? hardware required is minimal. The decree of 
rr err cry assistance tc implement is a major design decision, 
for two reasons. In the early stages cf learning a computer 
system, short term memory vorxs at odds with the user's 
attempts to learn. He is constantly frustrated by r.is 
inability tc remember commands, syntax, and minor details of 
system use. Memory aids at this learning, stage may ce 
either extensive and detailed, to give the learning user all 
the information he needs? or better, the system can bide the 
detail, keeping functions abstract and general, tc relieve 
the new user from details he dees not need or care about. 
The major design difficulties arise because the new user 
dees not remain a novice forever. Within days cr weeks his 
needs and wants will be dramatically different. Without 
care, Temory aids can become veracious resource consumers. 

1. Simple fernery Aids 

The simplest memory aid is a displayed list cf 
commands. The list removes the burden of .-ceeping several 
carely familiar command names separate. Tver y possible 
command need not be displayed. A complete subset (one 
general purpose command for each available operation) is 
adequate. The displayed list is only that? the user must 
still choose the ^roper command, and =nter it via the 
keyboard. Nothing mere than tne command word is shewn on 



the list. The only processing invclvec tc support mis 
method is writing, the list, tc the screer ar : main tai.nir*, it 
there. This metnod is less useful tc the novice, hut is thm 
least expen c ive to implement, 
a . V i t h Syntax 

The fir c t logical extension cf the list above is 
to display representative command syntax. If several 
cations are associated with the command, display the meet 
general ore. lor example, the UNIX 71 screen editor, 
'delete' command might he displayed as: 'nd’.'i ' . The user 

can new begin to see some cf the options that he may net 
have remembered from his readin 0 . A casual user, who has 
not used the system for a few weeks, seeing the syntax 
example with tne command is T.cre likely tc recall the syntax' 
rules for the command (assuming the syntax rules are 
regular; they are ir. this case). The failing of these first 
two methods is that tne user ~ust know tne commands before 
he gets much benefit from eithe" form. ^ne^onic command 
names can help? but somethin*, mere is needed, 
b. V,'ith Explanations 

The next possible enhancement is to add a cr.e 
word or short phrase cf explanation for the command, e.,:. 
'ndW' - Delete n words. Two factors affecting the design 
must he considered: space and interpretation. This form 

takes Tore space. Eewer commands may now ce ii c played and 
still preserve adequate workspace. Careful decisions must 
be made to include enough information in as little space as 
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r cssitie. Or.ce a h eir. restrictions are ir r csec by tine 
equipment, now caused by pr.ysical display area constraints. 

Taken literally, a novice r. i«_h t misconstrue t'- c 
command to ^ean it deletes v r~cs tn.at begin with the letter 
'n'. The designers must make sc^e assumption*; about user 
entry level reasoning and experience. That dees net r-an 
the design a nd implementation will be universally understood 
as intended. In this mode the -lass of errors generated by 
mi c understood cues is still a problem. How should the 
machine react tc a literal ' r.dW ' command? A usage note 
displayed with a page cf commands explaining that 'n' is a 
variable that may be emitted or replaced with an integer, 
may be sufficient to prevent the error. A beep cr screen 
b 1 in it will probably net be helpful? because the user was 
explicitly following the C uidance. Testing, usin^ 
representative subjects, will snow which aids are needed and 
where, identify common errors, ana indicate possible 
remed i as . 

2. The Result Sc Far 

'a hat has been accomplished , and what has it cost? 
That depends entirely on one's print of view. Assuming the 
memory aids can be implemented inexpensively, they will help 
new and casual users tc be mere comfortable usin* cr 
learning the system. (Inexpensive is a relative term, 
measuring against time and productivity lest while learning 
and relearning, memory aids are inexpensive.) Fxperienced 
users will probably ignore the eids , preferring to use the 
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c ntex t . 



T r.e question of' vnetr.er 



area tc expand tr.e A'or'ris,; : 
to display a memory aid ty default or t: leave it to ubpp 
discretion lies in user- population rcr p csiti o r . If t'r. c 
users are predominately clumped at one eni rf t v e Spectrum, 
rake the default selection suit the ■"a in user ,:rcu t ; tut 
make the facility selectable. The flexibility is important 
because it reinforces the c t i c n tr.at the user is in 

control. 

The static memory aids discussed acove are possible 
on rest microcomputer systems. They are employed extensively 
by several commercial software products. The difficulty 
involved in implementation is screen management, which may 
involve some complex programming (the menu and work area 
must be displayed), but is worth the effort, Merory aids do 
not cause any fundamental comma nd language changes by 
themselves. The user merely scans the list, chooses a 

command, and enters it on the command line. Thp method does 
net subvert any capability the basic system ^ay provide, 
such as combining several commands together to suppress 
intermediate steps. A novice need net be aware of the 
features that allow shortcuts, tut more knowledgeable users 
are free to take advantage of them. Man's burden has been 
eased in the early learning stages, but he learns low level 
system details as he gains familiarity. The first design 
implications of the span of differing expertise levels are 
beginning to emerge. 



2. Suppressing Detail 

The next level cf abstraction em r 1 cy s information 
hiding and selection. Unnecessary system details ar c 
concealed from the new user. He is presented a list of 
operations expressed in yen r ri c terns. Command choices are 
made by typing toe 'election number or let te^ ar.d s-a;.j *y ir.g 
ar e uments - filenames, directory names, modifiers, etc. This 
is a more natural way to ir.vcxe nigh level operations like 
editors, compilers or document formatting programs. The 
user dees net type the command name, only the selection 
designator. Larger operations invoked with less user effort 
separate this category from earlier methods. A single, user 
supplied, keystroke causes the computer to change operating 
modes. The system hides all detail involved in stepping the' 
previous display, tidying up the loose ends, and starting 
the new program. The user sees the screen clear and the new 
screen appear, ^ust as ne expected. 

A full screen editor is normally the first exposure 
a user has tc cursor control. Ordinarily input is directed 
onto a command line, the top or bottom screen line. In a 
screen editor the cursor - a symbol (often an underscore, 
box, or reverse video rectangle 1 - may be moved tc any legal 
character location. Cursor control is usually by direction 
keys, T arked with arrows, or function keys. lach keystroke 
meves the cursor one position, left, rip/r.t, up, cr dovn. 
-revision is made for continuous motion if the button is 
held down. Any screen input is echoed at the cursor 
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position and the cursor roves tc the next ^csiticr. . A 
cursor is nothing Tore than a symcol to focus th<= user's 
attention. The cursor can he thought of as a portable 
peephole into the re chine. It shows the user where tc loot. 
If it is net v.cere he wants to look, then ne must r.ove it. 
The only way the user can access the ma ch ir.e is through the 
cursor . 

The features discussed up to this point are 
routinely founi in commercial software products. A typical 
installation includes a microprocessor, S4K tytes of ?. A M 
(read-write, Random Access Memory), and one or two secondary 
storage devices, usually floppy disks. The next improvement 
requires a hardware upgrade, incorporating a "pointing" 
feature tc f ive the interface a mere natural feel for nen- 
typists. Those devices allow the user tc symbolically point 
tc something depicted on the screen. The user is able tc 
select any screen location witr. a single coordinated eye- 
hand motion. Two hard ware devices are well suited tc this 
task, the mouse and light-pen. 

I. A QUANTUM HOP 

The pointing feature entails more than just buying a 
mouse. What appears tc be a small enhancement means major 
changes to both hardware ana. supporting software tc make up 
for the hidden details. Changing cursor control modes from 
sir.gle-step keyboard driven, to continuous pointer driven, 
means much ^cre complex screen management. One can not 
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expect tc upgrade a personal r. ere computer to incorporate a 
xo use controlled display w i t’r w i r. lows end still retain 
acceptable response. Tc te sur c the computer mould do it; 
cut winter me lapses would move like the Concorde 35T ir. 
comparison. To fully exploit the pever of a pointer and 
concomitant windowing techniques re quires a major upgrade in 
computer ca r ability. fluid display switching demands data 
rates well beyond that cf smaller macnines, as well as 
special display management hardware. The full system upgrade 
is substantial. The first commercial systems that offered 
this capability cost approximately $100,023 per station, in 
1978. Prices have fallen dramatically, in 1984, an APPLE 
MACINTOSH sells for $2530, thou c h much less powerful, it has 
a totally w i z zywig interface. 

1. Sasic Mouse 

As a pointer, picK, or locator, the notion of the 
cursor changes slightly. It is now a shuttered peephole, 
opened hy seme user action, for instance, pressing a button. 
When the cursor is shuttered it may be moved freely a ro u r.d 
the screen but has no effect, ether tneo tc attract the 
„s er ' s attention. This moce is similar to the cursor in the 
screen editor, but now all curse" control is from the mouse 
or light pen. When used as a pick tee shutter is opened 
briefly and information is transferred from mar.- to-na oh i re , 
and vice versa. The information transferred might nave been 
a menu selection a r.d response. The raw cur so r position 
information was transferred in. The macnir.e translated the 
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cursor position tc the n~ e n u selection 



ana 



executed that 



choice. As a locator, pressing the' mouse cutter. Tc an s: mark 
this point. The machine knows the implied oi elation b Q c a; c e 
of the context in which the mark is given. 

Cne might ast why one should go tc the trouble tc 
have this mole, ' since key control is fine ar.d much less 
expensive. The mouse gives an intangible boost tc the user 
because he can now accurately position his linit tc the 
machine where be wants it just about as fast as he can find 
it visually. Light pens and mice are Fitt's law devices. A 
user can position the cursor usin fe them just as fast as he 
can point to the new spot, because the cognitive processing 
is nearly the same. Testing has shown the mouse and light 
pen tc be superior tc any other locating devices [Ref. 4]. 
As interface control moves away from tne keyboard, the mouse 
cr some ether Fitt's law device will emerge predominant, a 
"no hands” controller might be even tetter. 

There is a trap here for the unwary designer. If 
possible, allow both control methods of input. Use two 
cursors if necessary. Let users decide which th c y prefer. 
Experienced typists feel more comfortable with tne keyboard 
and eschew the mouse. 

What interface problems are easier r.cv? The 
structure of the program that runs the interface is very 
simple now, but the program is long, and large ^over 2 dk h 
cytes of object code for one screen is not unreasonable). 
The user is presented with lists exclusively. He may only 
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cheese one command at a time. Tee phenomenon of 
psychological closure is b e i n g accommodated [Rpf. 2]. The 
user se°s definite aoticn-react ion pairs, choices have 
explicit results. Tne environment presentee is most likely 
.hierarchical , so while working tne user is traversing a tree 
or network. The user does not need specific system 
knowledge ^if the menu designers have done a ^ced jet). The 
user is tetter atle to concentrate on the jet at hand and 
net the machine . 

There are still seme shortcomings. Context is 
difficult to maintain from one menu tc the next because the 
full screen changes with each new menu. Screen management 
is a tacit design challenge. 

2. Windows 

Windows are the latest addition to the inter f ace 
designer's bag of tricks. They are a logical extension of 
the concepts cf screen splitting, and zones, cut arp 
dynamic. A window is a generalized screen or pseudo 
display. Anything that can appear on a normal display can 
appear in a window. Windows can appear simultaneously with 
other windows. lood window performance calls for hardware 
and software support. Ihp operating system must support 
multitasking, i.e. a single -ser must be able tc run 
several active processes an a tinp. Some form cf raster 
operation is necessary, as are fast screen buffer(s). 

A raster operation is the ability to extract all or 
r a r t cf the screen buffer into a file an 3 recall it to the 
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screen ct -/ill. Raster operations are very fast, the wr.cle 
screen may he changed in one refresn cycle. Iney eliminate 
waiting for screens tc fill with text of graphics, if 
i rcperly implemented . 

Two window styles are used, static and pop-np or 
pull-dcwn) . Static windows are work areas, usually large, 
ar.d contain text or graphics. Pop-up windows are used for 
displaying transient lists, primarily menus, and are small. 
A pop-up menu is only displayed while the user makes a 
choice. As soon as the choice is made the menu disappears 
and the choice is executed. Tnat implies that more than one 
window may he displayed at once, allowing the user tc 
preserve context as he chooses, like flipping pages. Both 
static and pop-up windows can he moved around the screen at 
the user's discretion. 

C. GOALS FOR INTERACTIVE DIALOGS 

The user perceives the system as the dialog tetween toe 

himself ar.d computer. The desi 6 ner must make that dialog as 

\ 

straightforward, as possible, in numan terms. The following 
guidelines are a starting point for the interface design and 
implementation . 

1. Minimize Apprehension 

Attempt tc minimize user apprehension and 
intimidation. Some uneasyness is inevitable on any macr.ine, 
at first. Try to get the user involved in the work, through 
the dialog, making the machine transparent. Keep t n e 
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hte-f e:e businesslike. Do not try to be cute, though iry 
hurcr may have a piece [Hef. i] . Keep error messages 
complete, tut terse. Instead ol evaluating user performance 
in mess ages, use descriptive ter^s to point cut the problem 
[Ref. 2]. Avoid judgemental terms in messages: Instead of 
'Illegal Command' which places blame cn the user and mantes 
him defensive, use a more descriptive phrase, liKe 'usage 
<filename> <mode> fopticns>'. A usage message shews the 
user the correct way to invoke the command. It also lets him 
see his mistake and easily see how to correct it. A m°r.u 
driven system prevents the majority of errors like these, 
most of which result from careless typing. 

2. Don't Panic 

Minimize user frustration and panic. An uneasy user 
is mere likely to make mistakes, especially if the sarnie 
nagging fault is causing his displeasure. 



(1) Fanic results when the system does something unex- 
pected then Iocks up, without telling the user what 
happened. Always keep tne user informed about,, the 
state cf the machine or process. A simple fun- 
ning” cr "stopped - address fault <prccess neme>” 
is adequate. It should always be displayed at tne 
same screen location or zone. If something does 
fail report it to the user, then lock up or autc- 
boo t . 

(2) The user should never feel lost. Keep him informed 
about his location, either with a "world view" di- 
agram or highlighted menu choices, etc. 

(3) Always let the user knew what options are available 
to him. Guessing can lead to disaster. Pop-up 
Tenus are excellent for the task. Otherwise 
display a menu unobtrusively at a margin cr border. 
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'4) Accommodate several levels cf expertise. Try tc put 
the jser in control here. No cr.e likes to ce clas- 
sified, especially by a machine. A toggle for ex- 
perienced users is one possibility. 

(5) Kake the oser feel he is making progress. Stress 
psy chclogical closure in the design ana inpl erner, ra- 
tio n . 

Following the points acove will make for m.ore 
pleasant error situations, and if the user is mere relaxed 
he is also more likely to recover with less trauma to his 
ego, and his work. 

3. Natural Dialog 

The dialog must be couched in terms familiar to the 
user. Whether it is words or pictures, they should te from 
the user's sphere of reference. 

4. Solicit User Comments 

Systems grow or die. User comments will tell the 
designers what is disliked atout the system. Things that 
are good in the user's eyes are invisible. Annoying faults, 
r.o matter hew small will not go unreperted. i^ake sure the 
comments are read and acted upon by some one with the power 
to make a difference. Net all problems will te repairable, 
tut at least they will be known. Feedback is especially 
important early in the design stages. Try tc get actual 
users on a new system as early as possible. 

5. Keyboard? 

For applications that are not heavily text and data 
entry, on word processing try to minimize keyboard use. 

57 



Data case t 2 r. ipulation a p plications are a likely candidate 
fcr a wizzywig interface. 

6 . first Session 

If the system can not be used for useful work frcT 
the first session, something is wrong. A general purpose 
set of commands and applications should he available without 
any system knowledge ether than how to login. A user who is 
able to sit down with no prior knowledge and leave a short 
time later with a completed document, and a smile on his 
face, will return. Explicit training done on the system 
should be done in short lessons separated by distinct 
breaks. Ideally the instructions should be designed for ten 
to fifteen minutes, with thirty to forty minutes for hands- 
on practice. Keep the user engrossed in the joc at hand. If 
he must think about hew to do something on the machine, he 
is not thinking about his jc 0 . The machine is just there to 
help, not dominate the task. 

All the experts agree on what to do and what not to 
do. It is also obvious who among them have designed an 
interface, these who have tried, and tnose who nave not. 
They agree that interface design is mere art than science. 
It will remain so until computers become so powerful as to 
take on human traits. Or genetic engineers are able to grow 
a computer operator personality. 

The thing to strive for above all in interface 
design is to capture the essence of a metaphor. Information 
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transfer, with the aid of a metaphor, is transformer from a 
serial data stream into a tread land flood. Tne user learns 
’ey analogy instead of cy rote. h’e is also .more likely to 
remember tecause r.e is building on his owr. experience, and 
the mental lin.K? seem to ce much stronger [def. 4.]. 



V. 



AMI A ELS UNIX 



As originally conceived UNIX was a research tool 
designed to run on a small computer in a laccratory. It 
became popular because it was easy to use, versatile an 
readily expandable. Now that it has been in existence for 
fifteen or more years, the only feature it snares with its 
first versions is ease of expansion. BELL La coratories ' 
baby is no longer easy to learn, and to use the wonderful 
facilities requires a moderately powerful machine. Amiable 
is a overlay for UNIX that conceals specifics of the 
o r era t ing system and allows a new user to use the system 
without first being intimate. 

Amiable is implemented on a SUN model 15*5 work station, 
running Eerkeley UNIX version 4.2, under SUN release version 
1.1. The system is part of a research project for the Naval 
Electronics Systems Command, Command and Control Work 
Station. 

Amiable consists of three major parts, a welcoming 
screen, the working environment, and an on-line VI screen 
editor help program. The wor/t station is arranged so tr.at 
the monochrome monitor is the text work area and the color 
monitor is for promoting menus end graphics work area. Each 
part will described and explained. The final section 
discusses future work. 



A. WtLCOMS TO SUN UNIX 

The Welcome package contains several program modules 
that display menus on the Sun color monitor. The screen 
choices are made witn the Sun mouse, placed to tr.e immediate 
right of the Son keyboard. The entry menu presents the user 
with six choices and four short notes. The menu is in color 
on a dark background. 

1. Main Menu Notes 

The notes are very simple and to the point. The 
first note tells the user now to select using the mcuse. 
The second tells him how to logout. The third and fourth 
are implementation notes, and a point of contact for more 
inf o rmat ion . 

2. Main Menu Selections 

Of the six selections on the main menu, three are 
functional and two are under development. The sixth 
selection, actually number four, a programming environment, 
is just a title. The operational selections are: 

1) Demonstrations. 

2) Amiable UNIX 

Z) The C Shell 

A program to select graphical attributes with the 
mouse is being developed for future inclusion. The graphics 
editor demonstration program is choice number six. It was 
included as an interim graphics editor, until it cab either 
be upgraded or a new one written. 
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The rain screen is sickle and uncluttered. f'her. a 
choice is made the main menu clears, replaced by either a 
demonstration menu or an attribute menu. Amiable era 3 
shell selections clear the main menu tut leave the welcome 
screen on. 

2. Demonstrations 

Selected demonstrations may ce ohcsen frcn this 
menu. The upper section is for monochrome selections, the 
lew?” section for color. The demonstrations are from those 
supplied with the machine, and are representative cf system 
capat i li ty . 

4. C Shell 

This selection is nothing more than an escape into 
unadorned UNIX. 

5. Amiable 

The second selection is the Unix overlay Amiable. It 
is a shell script that helps the user do several things in 
Unix without any system knowledge, other than seme generic 
computer experience. A C program version is in development; 
but is not yet reliable encugn tc unleash on the public. 

C. INSIDE ArtlABLS 

Amiable is a mask for Unix. It incorporates tne 
interface design ideas discussed in Chapters II through IV. 
It was written and implemented on the SUN, before the 
windowing software was installed, so it doe? net incorporate 
windowing, unfortunately. It does dramatically decrease the 
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amount of knowledge the user must b r i ng with him to the Unix 
operating system. In most cases Amiable executes commands, 
the user supplies only tile names. It has a terse toggle. 
When terse is chosen all messages from Amiatle prompt for 
input only. Explanatory remarks and more complete requests 
for input a^e displayed with the prompts vnen terse is r.ot 
set . 

Amiatle greets the user with a list of functions: 

Ercwse Compile Edit Learn Move Print Shell execute loSout 

The user can choose any of the functions ty typing the 
capitalized letter in each. He may only choose one function 
at a time, tut he may exit tnat function, leaving it running 
in the background, and choose another. Compile and Print 
use that feature. The idle state is with the function list 
display ed waiting for a user choice. Amiable asks the user 
for additional information needed for correct command 
execution. 

The edit command causes the VI editor tc be invoked on 
the monochrome monitor. It also brings up a program called 
"vicom" on the color monitor. Viccm is a pair of on-line 
help and tutorial screens, displayed while the user is in 
Edit. Viccr is intended to help tne user learn and remember 
the VI editor. 
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All selections 



1 . V i c c m 

V i c o m is a mouse driven help file, 
vithin it are dene with the meuse . It is twe ^clor screens 
containing VI editor commands ar.d syntax. Ihe first screen 
presented has five general information notes atout the 
screens and usage. A second miscellaneous notes section is 
included on the first ~a H e of commands. They are notes 
about syntax notation used on the seneen and some 
precautions about using the mouse. 

Command meanings and syntax are presented in 
functional groups. The first page contains groups for: 
cursor control, text insertion, scrolling the screen, 
searching for strings, saving and ending a session. The 
second page has more advanced functional groups: moving 

text, using the buffers, and EX commands. Within each 

functional group one or two basic general purpose commands 
are highlighted in a different color. New users are advised 
in the general information note to learn them first. 

Eacn functional group is independent of the ethers 
and may te displayed by itself. Within each functional 
greuj. are subgroups, information messages about the 

subgroups may be called cy pointing the mouse at a command 
and pressing the left button. The ten or fewer lines of 
explanation are displayed just below screen center. The 
explanation contains usage notes and additional syntax 
rules, if any, as well as a reference to system 
documentat ior. . 
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Two exercise files are on the system: Vlexl, and 

VI ex2. They are designed to .give a new user more 
information about VI ar.d some practice using the commands. 

A VI expert could do the simple exercises in less tr.an 
thirty seconds, using the quickest methods. A new user 
could take half an hour or more. The lessons are not 
difficult; cut the second one has several text editing 
operations that will keep him busy looking at the command 
screens . 

C. TESTING 

Amiable is essentially untested; time ran out. 

Criticisms and comments from six colleagues who used the 
system briefly have teen incorporated. The system is ready- 
now for some exposure to a less well prepared group. The 
results of that trial by fire will not only tell whether 
change is needed, but how much. The rewrite is inevitable. 
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VI. conclusions 

Designing user interfaces is easy. Implementing trie 
design to accommodate the foibles of hurra r. beings is card. 
Literature on the topic of rran -machine interface aesign 
abounds in trade .iournals, textbooks, hobby ma e azines, ... 
literally everywhere. Each author nas a new wonderful plan 
to make it easy to use computers. There are only a handful 
of authors who speak from experience. Unless an author has 
credentials as a proven interface designer, who actually 
worked on the implementation, his ideas are suspect. Given 
time and manpower anything can be coded; but making a; 
coherent package that works tcgetner is a different problem. 

A. PEOPLE ARE SIRANGS 

The hipest stumbling block is people. They are 
unpredictable. Differences between two groups of people 
that do the same work in two different offices can stop an 
interface design in its tracks. And none of tr.e faults will 
be discovered until the testing starts, 'deckel has arrived 
at the same conclusions [Ref. 9]. The answer is to get 
prototypes running as early as possible and get it to the 
users. Solicit their comments, criticisms and suggestions. 
Then do something about them. 
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1 . DESIGN MAINTAINABILITY IN 

An interface must be designed tc ce changeable. 'Jse 
every modern software maintenance technique to make the 
programs easy to change. Modularity is a key here. If a 
screen is a module, then modifying the screen is relatively 
easy. Witnin the screen module make the layout one or mere 
modules, each menu should ce one sub-module. Lccument, 
document, document! Assume no one from t.ne original project 
will be around when the changes must be made. Explain 
everything, then the new people will only take naif the time 
it took the original group tc become familiar with the 
material. 

C. DIFFERENT DRUMMERS 

The group that sets out tc design a user interface 
should nave members from disciplines outside computer 
science. Ideally the group should at least have access to a 
cognitive psychologist, someone with a visual arts 
background (painter, graphic artist, photographer, 
cinematographer, etc.), and representative users. 



An interface 


design 


implementation is 


too 


1 a r e 6 a 


project for a 


single 


person, but the 


group 


mu s t 


te 


responsive and flexible. 


Divide the project 


among 


several 


members (three 


tc six) and schedule 


twice 


a s 


much 


development time 


as is thought to be necessary. 


Test 


at 



every opportunity, then rewrite and retest. 
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Real human-computer interlace packages are never finished, 
an euphemism for final product is: ' release Version XX 

D . BOOTSTRAF DESIGN 

The current m c thci of r r cgrammin fc screens is net an 
effective use of resources. Too much tiTe is spent getting 
simple menus, and tneir associated selection modules on the 
screen and running. A program or graphics editor should be 
able to handle that task with seme development effort. 

A graphics editor is the second logical choice for a 
workstation after a word processor. The next project on the 
SUN work station should be a graphics editor capable of 
drawing executable user interface screens. 

The visible result cf an interface design project in no- 
way represents the amount of effort expended. A methodology 
must be developed to speed the process. Present methods are 
too hit or miss. 
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text( First choice )» 
treaic ; 

case 2:^* Set Hilite Color 
text ("Second choice"); 
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text( 5. Pel ye' on fill Color 
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sw i t ch ( p i cKii ) { 
case 1: 

sys tern v ”/us r/demo/ s t ri n^a r t -d /dev/bwcnetf 
break ; 
case 2: 

sy s tem l "/us r/derr.o/sho wmap" ; ; 
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} /■'' End of while !aone */ 
set_se^ment_visibility (DEMC_MSNU , FALSE ) 
} / v 2nd cf demo choice subroutine */ 
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move rel 2 (1 .i! , -2 .0 ) ; 

text ( "DEMONS'! HAH ON S" ) ; /* Title of menu */ 
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menul.c 23 hay 84 

This program is a generic menu layout ^.ro^ram. It contains 

code for a "main menu" and a secondary menu. Either can te 
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^define ESMO^MENU 
^define WELCOME 
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move afcs 2(41.0,2.0); 

text! "QUlT‘ j ; 

move abs_ 2( -30 .0 ,10 .0 ) » 
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il ( ini t ial i ze_ core (DYNAKICC, SYNCHRONOUS .TnREEB) ) 
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ec.no BROWSE Files and Directories 
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echo -n 'Continue Browsing? y/n 
set char = ($0 

if (($char = = y i ! $cbar == Y)&$.($cnar !- q S& $cnar != Q)) ,-.cto Irowse 



end if # end of if char 
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echo hOVE - Which directory do you want to move to 
if($terse it !=y)then 

echo "Type the whole pathname." 
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vicorrms.c 18 Ajril B4 F. Grcenert 

last modified 3 hay 84 by F. Groenert 
last modified 16 Jane 84 by F. Groenert 
The ? June modification involved chan t ,ein t : sunlitmap and suncclcr 
to tne new names for SUN release 1.1. They are new: 
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static float screendx[] = {0.0,0.0,98.0,0.0 ,-S8. 
static float screendv [] = { id . i ,73 . 0 ,0 . 0 ,-73 .0 , 0 . 
static float scrldxf] = {0.0,0.0,57.0,0.0,-97.0} 
static float scrldyf] = {0.0,72.0,0.0,-72.0,3.0} 
static float toxdy[J = {0 . 0 , 0 . 0 , 3 . 0 ,0 .0 ,-3 .0} » 
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static int FINISH 
static int MISC 
static int ERASE 
static int CURS KSG1 
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initialize_device(BUTTON,l); 
initialize_device(BUTT0N,3 ) j 
initialize device ( PICK, 1); 
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set text_index(blue)» 
set 1 ine_ ind ex Careen ) ; 
set '_fillindex( black); 
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cur s rrv v -4? .0,69.0); 
scrn_mv (3. 0,69.0); 
ins text( -47 .0,51.5); 
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} while (tutnum != 3)» 

if amax < xmin) {x=xmax; xnax=xmin ; xnin=x; 
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text ( "Forward one word . . . .v ,W" ) ; 
mo ve 7 rel _ 2 (0 .0 , if ) ; set. pick, id ( b ) ; 
tex t (’’Backward one word . . . t , 1" ) ; 
move j;e 12(0.0, If); set j ic* id ( 9) ; 
text( End of word e,E”)» 



* tt 



W •- 

— 

« A3 

E— CO 

-A 

VI a 

I •> 

CO ^ 

A 21 

A i 
O CO 

— - *-> o 

hp <“ • >s 
C-H ^ 
OJ >— •*— * 
E D H 

— M> HP -rH 

Ch CD O A 
f“H CM Qj f— I 
► t U i 

^ *n CU -h 
• QJ 03 > 
S) C l| 
— - mH hp *-» 

C\i 03 C C 
» hp OJ OJ 
*—* (L) £ E 
OJ G Mi M) 
Cm i OJ (LI 

! (U i/l i/l 
OJ cM ii 
> o <-» hp 
O rH OJ QJ 
£ C l/l CM 



TJ 

c V w 



QJ 


W c 


-C 


c *«h 


♦— * 


f— 1 H 




Cm f—i 


t/1 




i/l 


a 


o 


aj 


Cm 


x- a? 


o 


x: 


03 


o +-> 




4-> 


vn 


c 


OJ 




A 


an 


>> 


•«H X3 


•*p 


r-H Qj 






03 


<U p 


c 


u a> 


03 


«-» x: 


E 


a 


E 


Cm 


o • 


O QJ 


o cu 


C«m a 


Cm 




Cm .r-t 


C >> 


O hp 


o a) 


«P A 


£ 


•H O 


HP 


TP Cm 




OJ 


CM >— * 


c/1 


O 


>— i m-h 


A 


c=» a 


• 


♦-» 


UJ e 


OJ 


x: cu 


x: a 


♦p (LI 


HP *H 


Cm 




OJ o 


Cm hP 


Cm CM 


O H 


03 


■H -H 


OJ 


A 


OJ XI 


CM A 


CM 4_> 


OJ 


OJ 


O cO 


-C c 


♦ *rH 


E-* O 


o 




XJ c 




O QJ 


\\ 


OJ 




A Cm 




O O 




cO 


— cn 


HP 


cM O 


CM OJ 


o Ah 


•rH X 


-m >, 


rH 1 HP 


>* - 




► CM 


OJ 


CO O 


X2 o 


O Ah 


e-< 


A, X 


E 


X 


o 


HP 


HP 


CU 03 


HP 


CM O 


o 


O i-H 


A 


O 



Cm 

o 

Cm 

A, 



Cm 

O 

-C 

CM 



O 





• 

SJ 

• 


CSJ 


♦ 

’•?>; .., 
e le te ) ; 


• 

33 

* 


• ~ 


cs> 


: co 


— ^5 (A 


3) — 


r — * 


* 


• • » 


: 


< 


w 


• •«. 


t-4 X3 


CX p 


jp a 


CO 


rd — 


— 03 


O 03 Cm 


03 QJ 


o 


H-> A 


QJ L P 


P Qj 


m> <u 


a — 


f O 


I O P 


A + ^ 




w ^ 


■a <-i 


03 f— 1 T3 


P Tj C 


oj a 


o o 


^ o 


CL, o ^ 


O > PH 


^ CO 


' rH 


A O 


: O A 


: C-i 


a: 


o 


03 1 


1 03 


^ rd ' 


03 —r 


o 


x: a 


PCX 


p X u 


x: hj 


QJ cM ; 


\) Qj 


x Oj a 


x o x 


O X 


E O hp 


IXJ 


QJ t3 


; OJ ; OJ 


1 <u 


Oil Ah X 


^C (0 


h-» fd Ql) HP> *^3 hp> 


‘vL hp> 


UJ >» <u 


OJ 


Qj t-* 


-rH 


•rH 


l/l 


• A 1 -G 


x: x> 


JQ 




1 CM ^ 


" — ■ 


X 


• •*£■ • •» 




-a ox 


: “S> x 


^ X lO 


^ CS3^ 


Li > 


OJ A OJ 


/\ • QJ 


'0 OJ • 


rH * C\i 


• CO 


A x T- 


6- ^ T3 


— -O bJ 


-'CO—' 


O — ' 


•H V. M p 


O — G 


03 G " 


T3 ' — ' X3 


— ' T? 


'0W*H r *q -H 

i i »A ti 


1 *H C\i 

i 1 1 


-H C\J 
i » 1 I 


CM -h 

: i 



QJ 


CM 


HP 


W »— H 


HP 


^ HP 


t — H 


^ «-• 


<— 1 .Sd 


A XJ 


X 


CO OJ 


X 


U X 


OJ 


O 


QJ O 


OJ o 


i 


03 


OJ 


: Cm 


QJ 


•h qj 


Cm 


•rH 


Cm MH 


A -rH 


OJ 




HP 


> — • 


*p 


A HP 


1 


A 


; A 


i A 


4-> 


QJ* 


1 


: P-» QJ 






QJ 


• 


OJ * 


QJ i 


03 


> 


HP 


X > 


HP 


HP HP 


> 


HP 


> *p 


> HP 


OJ 


o 


OJ 


OJ o 


QJ 


OJ QJ 


O 


UJ 


O QJ 


O QJ 


A 

a 


E 


cn 


«-» E 


cM 


c/1 u > 


E 


c/l 


E 


E ui 



116 









■a 

(V 



g 

tf 



QJ 



C 

o 



tf • 

g a 
.13 o 



P<p> 



• •* 


• ^ 






cn 

T3 

C 






• ^ 

w 

x> •- 


X — ♦ 
QJ tP 
O 

XS P4 


' — 


- 


^ - — . 


^ ^ -» 


rtf — : 




, - — v 




P> 


S) 


S3: 


: S3 


S3 S3 


E S3 G 


S3 ^ S3 


: S3 


£-• W 


•H l/l 


• 


• 


QJ • 


• ^ — v • 


E • x 


• * • 


o • 


• G3 


^ t-4 


S3 


S3 


> S3 


Si: S3 


O S3 QJ 


S3 tn S3 


Pi Sw 


Ld ad 


x; 






rtf - •- 


— > • • » 


O *£h 


•* G » 


G •* 


co E-* 


G P> 


p — 


P> 


co pa - ' 


• P- •- P 


1 Pa \ 


tf (UP 


i — r pa 


O - 


0J 


rtf: 


tf \ tf : 


- — tf tf 


d <u oj 


rtf P-, tf 


l rtf 


o w 


OJ G 


P "O 


♦-> 


G P P> 


C. P OJ ^ ^ 


O P > 


P> 4-4 P> 


G W 


CO 


G 


P G 


p 


f-1 P -G 


Of \C o p 


rG P O 


PGP 


Qj P — 


O o 


O 


"O *G 


P 


Xtf P 


H tf rtf P Td 


Otf I 


tf P tf 


C5tf 


— ' o 


cn cn 


** P*4 




w ^ o 


o ^ U-, o ^ 


to :*: 




^ •» o 


•- SP 


Ql 


g: 


g: 


: G: 


^ o g: o g 


: G — 





r — < 


^ p o 


# o: o 


rtf 


<tf 


rtf > — " 


p ; (tf — i rtf 


^ tf P 


rtf «-» rtf 


P* rtf O 


• *r-4 " — ^ 


G M) 


-C P 


x: 


px: ^ 


4- g x: p> g x: 


p x: x 


x: x xj 


x x: o 


r-t >> 


*H 


O X 


o 


X O X 


CD CLi O X QJ O 


X u OJ 


n Qj o 


QJ O 


G *p p> 


4-> X3 


: oj 




QJ i QJ 


O tf ! OJ TD 


QJ |P 


ip 


P> ; P> 


OJ pi *p 


QJ E 


Up 


r Al 


P> CQj P> 


Pi rtf %L p> tf \0 P CQJ 


!Qj %0 


X X 


E «tf «— 1 


QJ G 


•H 


•r-t 


•G 


3*a Qj 'H Qj »G 


ft 


•rl .r-t 


•iH QJ 


Of 4—* «r1 


G JC 




P> 


P> 


*x; p* pp 


P3 • - 


,.a . ~ x> 


• 4-> 


OJ QP 


%0 p 


# •- 


* 


• - 


cn — - ft — " ft 


— ■ 


>c ■ — ^ w 


— ^ ■— 


CO Qj *r1 




if) - — ■ 


o 


-"-S3 — 


O X S3 — X U“> 


^ IT) S3 


S3 LO 


CXI SI « 


IP U) 


4-1 G. 


• ^ 


• 


lO • O- 


Pi QJ • 'X) Oj • 


O) • 


• 4—1 • 


rH • QJ 


td Qj *h 


(tf o 


FJ — 




— lO - 


X tf ^ ^ tf PJ 


^ — 00 - ^ 


X) — ^ 


—'Oi nd 


QJ nd > 


•»— 1 


— p 


— 


P — "O 


— " G - ^ T3 G 


tf s — T3 


— " <73 


Ttf — G 


c ! | 


P> cn 


c\j •<-* 




*PC\J -H 


C\J *G (\J -ft fi ^\J 


P ^ -4 


CM p M 


p CM *H 


*p ♦-> p> 


•iH Qj 


I 1 


1 


1 i i 


1 1 I I 1 t 


1 1 > 


i i i 


• i i 


rtf G G 


G «— * 


r-* -5C 


i-H 


i< >: 


^ P H P H 


±4 <-< ^ 


« — * < — ♦ 


r^C r-4 P» 


P> QJ Qj 


•G P 


OJ o 


Oj 


O QJ O 


fG X QJ O X QJ 


O OJ o 


Ql O Qj 


O Qj X 


Ql E E 


G 


G >H 


g 


•G G *H 


rtf QJ G -H Q) G 


f-4 G f-* 


G *r-4 G 


•H G Qj 


G !£ *-*0 


OJ 


i .P 


! 


Pi » Pi 


|P ! 


G» | Pi 


1 p 


, rP ; P> 


1 QJ QJ 


_d 


OJ 1 


i Oj 


: QJ : 


Q) * QJ ! i Qj 


t 0/ 


QJ QJ 


: QJ 


QJ cO i/i 


£-• E 


> p 


> 


P> > i~> 


> P > P P > 


P> > P» 


> P> > 


P> > P> 


to t i 


O 


O QJ 


o 


Oj O 01 


O OJ O QJ QJ o 


QJ O QJ 


O QJ O 


QJ O dJ 


O P> p> 


CD 


E Q> 


E 


cn H tn 


£ i/I £ t/l Ol £ 


i/i E i/i 


£ oi £ 


i/i E i/i 


H (i) QJ 





O i/) VI 



TD 

c 

tf 



117 



The insert ana delete text commands are listed in this routine. 



create_retainel_ segment! INS_TEXT) ; 
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Text insertion command amplifying text is in tnis next routine. 
This entry covers tne 'i' command and entry of special characters. 
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create.retained_se^ment(INS_TtXT_f / Sa3); 

r:ovea1rs_l:(xi.os+sj.,ypos); 



text( Sutst itute and Replace Text: ); 

rriove rel_2(0.0,lf)» 

text(The "s' command causes text to be substituted for tne character 
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deletion commands 



create_retained_ segment ( I NS_ TILX‘I'_M3C6 ) ; 
mcve ats . 2 ( xpcs +sp ,ypo s ) » 
text("Deleting Characters:"); 
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create_retained_ seamen t ( SCRN _ 
niove_cis_Z(xi.os t ypos); 
settextindexiheader^colcr) ; 
tex t (" SCREEN Movement"); 
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move„rel_2(0.0,lf ); 

text'” Another way to ^et the same effect is ':Cnumher/'. See Color. 

moverel_2(0.0,lf); 

text(" commands for more info.")» 
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text( occurrence) and . (repeat change) are used for all subsequen 
move rel_2 (0 .0 ,lf ) ; 
tex t ( "changes . " ) J 
move_rel_2(0.0,lf ) ; 



text(”See sections 15-17, and 35 of the VI tutorial for more into and 
move rel_2(0.0,lf ) ; 

textC'some very esoteric searcnin^ command s” ) > 

close_retained_se^ment(); 

set _ se^ment_de tec tahil i ty ( FIND MSG .TRUE ) ; 
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Saving your work without exiting the editor 
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tui'f ers ( xpos ,ypos ) 
float xpcs ,y pos ; 



create_retained_ seamen t (BUFFERS) ; 
tnove_abs_B(xpos,ypos)* 
set text index (header color) * 
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close retained seamen t( ); 

set _ segment jletec tab il i ty ( BUFFERS ,TRUE ) ; 

set_segment_visibility( BUFFER 3, FALSE); 
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irove rel_2(0.0,lf); 

textC Step 5. position tne cursor where you want the new text. 

move„rel_2(0.0,lf}; 

text 7 *” Step 6. type: 



move. rel_ 2 ( 0 .2 , If ) ; 

text/’Lafge blocks af text may be copied very quickly this way. 
close retained se 6 nient(); 





\ 










03 
















# 










P 






: 














































O 






03 




















H 






-G 


























fc-» 




















M> 


























X 


























QJ 






• 




















4-> 






C/J 














































QJ 






O 




















P 


• — 




tH 




















*-> 


- — ~ 




6H 






















: 




p 




















to 


• 




p 




















03 


G 




M 




















to 


QJ 




CJ 




















G 


P 
























03 


Cm 




CD 




















O 


G 


























P 




M» 




















QJ 






tn 




















E 


03 




03 




















03 


C 




rH 




















G 


M» 




QJ 




















G 


P 




-C 




















03 


o 




H 










g 










Cm 
















QJ 










h 


to 




03 




















G 






G 










^M 










P 


G 




O 














• *» 








CL 




M> 














- — *» 






QJ 


M> 




on 




















X! 


G 








\ 






03 




o 






H 


O 




o 














CO 








O 




M> 




>* 






O 




s: 






G 










03 






p 




i 




• ** 


O 


M> 




G 




5c 










cc 




- — • 


P 


G 




QJ 










m: 




P 








03 




in 




03 






c 




Pm 




• • 


G 


to 




G 




E 






H 




-M 




g 


03 


03 








03 






G 








03 


M> 


G 


• «-» 


03 




in 




* 


C 




P 


• 


Cm 


H 


P 




G 










QJ 




— 




Cm 


QJ 




: 


03 




OJ 




<H 


P 




4-> 


CO 


G 


H 


03 


•• 






-C 






rH 




c 


o 


PQ 




x: 


to 


in 




M» 




m 


03 




OJ 


p 




H 


♦— * • — 


G 


G 






• • 


E 






E 




03 


03 


— * 


QJ 


03 




G 


03 


i 

f , 


G 




aD 

ft i 


• 


• 


M> 


• o cm 


Cm 

<• 


• G» 




QJ •- 


P • •>- 


M 


Vh 


i/l 


UJ 


p 




*»H 


^ P H 


•4-4 


" " Cm 




tH ' ^ 




03 


03 


O 


CD 


ID 


Cm 


P 


Cm £ 


G 


Cm G 


Cm 


tO G-i 


G> Cm 


Cm 




P 


1 


+ 


r—4 


03 


H 'O CV 




rH 


QJ rH 


rH 






>i*^ 


G 


to 


fQj « 


O 


- QJ - 




• 


• 


O • 


E • 


G 


X 


•“ LO 


QJ 


o 


G S3 




(ST3S 


G 


^ G 


cs> 


C S3 


QJ S) 


PM 


QJ 


UD O 


C 


p 


•H • 


03 


• G • 


03 


• 03 


• 


03 • 


x: • 




*-> 


u P 


-H 


X 


G Si 




<S (DS 


G 


S3 G 


ca 


Si 


p> s> 


Cm 




P >> 


03 




G — ' 




— ' p — - 


QJ 


^ 03 


■ — ' 


QJ 




O 


%0 


X • 


m* 00 


qj 


G 


00 POO 


P C\J P 


tO 


G 00 


Cm -AJ 




G 


■ U) 


QJ 


1 


^ 1 


*h 


i 03 i 


fc 


» E 




03 i 


O 


G 


•H 


o 


G 


to 


Pp 


tn 


rH rH 


G rH ^ 


rH 


rH 


* — i 


G 


> 


CO 




p 


< ID D 


03 QJ 


z 


03 Z 


QJ 


QJ 


03 


! W 


03 


$L X 


QJ 


03: G: 




G: G 


: 


G: 


g: 


: g: 


: G; 




CO 


to 


4-» 




— «' 


— r 


r- ' : 




. — ' 












E «-> 


03 


QJ 


4-> Qj 


H 


Qj M> CL 


p 


QJ M> 


CL M QJ 


+-> QJ 


* 




03 


03 


> 


X > 


X 


> X > 


X 


> X 


> 


x > 


X > 


N 




G O 


G 


O 


03 O 


03 


O 03 o 


03 


O 03 


o 


o> o 


QJ O 






QJ rH 


O 


E 


W E 


M» 


E ^ E 


«-> 


E +* 


E 


El 


+* E 


r“* — t 




H Cm H-» 


























Cm 
























>c 


G 
























\ 


P 























138 



tex t (" Puffer 1 is the default buffer used by all commands that change); 
mo ve_ rel _ 2(0 .{? , l f ) ; 

text-/’ or move text. buffers 2-9 are used only by the delete operator, 
close., retained segment ( ) ; 

/ v End of Puffer msg2 */ 



Retrieving text from a buffer 
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create retain ed_s egrcen t(MOVE TEXT) ; 
move abs_2 ( xi'CS , ypos ) » 
set te x t_index(header_ color); _ 
text(”hove or Duplicate Text:"); 
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move., rel _ 2 (0 .0 f 1 1 ) J 

set_text_index(hilite)» 

set pick_ id (9 ) ; 

text(" Put text after cursor 

set_text_inaex( text color) ; 
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Moving and Copying text 
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move re 12(0.0, If); 

text{” Copy ten lines: '10Y'. .or . . '10yy '") 

move rel _ 2(0 .0 ,if ) » 

text(" Copy u] the string 'curr': 'y/curr/ 

move rel 2 ( 0 .0 , If ) ; 
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col cn cmds ( xpcs ,ypos ) /* Cclon command info 

float xpos.ypos; 



create_retained_ seamen t( COL 0N_C!' / DS ) ; 
rr;cve abs_2(xpcs,ypos } ; 
5,et_text_index(header^color); 
text( "Colon Commands:" )i 
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move rel_2(0.0,lf)> 

text!” they allow you to do things around the editor without leaving 
move rel _ 2 ( 0 .0 , 1 f ) ; 

text!" it or losing your glace in the file you are editing."); 
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move rel_2(6).w,lf ); 

textV not saved the changes to the previous file a warning will be') 
move.. rel_£(0.0 t lf)» 

text(" written at the bottom of the screen. Tc save the current file 
move_rel_i:(0.0,lf )» 



t ex t ( type ':w <cr>' then ' :e <filename> <cr>. If yea want to"); 

rro ve rel _ ^ ( 0 .0 , If ) > 

text(" abandon the changes anyway type ':e! <f ilename><cr> ' . " ) ; 
rrove rel_ 2(0 .0 ,1 f ) > 

textl "if autowrite is set type ':n <i i lename><cr> ' and your current 
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text( colon command telore the <cr>. )» 
move^rel_2(3.3,2*lf); 

tex tl " ' : sh<cr> ' invoices a new shell from within VI. You are free to 
moverel_2(0.3,lf); 

text(" execute any le^al command sequence. The editor is suspended 



move. j;el_ 2(0 .4) ,lf j ; 

text( ' until you type ~D to exit the shell."); 
close.. retained_ se t ment ( ); 

/* End of Colon_mSK-' */ 
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text; liKe <,>,/ etc. they nave caused trouble in the past. 
close_ retained se fe :men t ( ) * 

/* End of Coion msg6 */ 
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gen_ i nf o (xpos ,ypos ) /* General info for using these screens 

float xpcs,ypos» 
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move rel_2 (0 .0 , 1 f ) > 

text(" item listed may te picKed separately. 
move_ rel_£ ( 0 .0 , 1 f ) » 
close_ retained sef.ment ( j; 



The erase routine simply draws a filled rectangle over the message 
area, writting over any text that happens to he there. Care must be taken 
to erase the text separately, because that segment will not write again, 
until it has been turned off ( se t_ segment^ v is i bil i ty (XXXXXX , FALSE)). 
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create_retained_segment(CURS_MS31); 
move abs2(Vl_nessageX+sp,VI messageY ) ; 
textC'Single Character Cursor Control:"); 
mover el_2('F.kJ, If); 

text’," The arrow keys at the upper right of tne keyboard, move the 
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tex t ( "Not ice these are u*.per case. VI commands and operators are’ )» 
move rel_ 2(y , If ; ; 

text("all case sensitive. 3e alert!"); 
close_ retained_set r ment( ) ; 



fhe third cursor control message - Ends of the line. 
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text( The cursor may be moved a word at a time using w, t, or e. ) ; 
move rel^2 (.0 . 0 , 1 f ) ; 

text(' 'w 7 moves the cursor forward a word, 't'moves the cursor backward, 
move rel 2(0 .0 ,lf )» 

textC'e* moves the cursor forward stopping at the end cf tne word.” ); 
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